Abstract Several studies have shown that patients with succinate dehydrogenase subunit B (SDHB) mutations have a very high risk for developing malignant paragangliomas. However, there is no consensus of what age screening for paragangliomas should start. We report a case of an 8-yearold white girl with a 3-year history of catecholamine excess-related complaints who was diagnosed with a malignant SDHB-associated mediastinal paraganglioma. The patient presented with intermittent sweating, headache, nausea, vomiting, fatigue and weight loss that had been present since she was 5 years of age. A large posterior mediastinal mass measuring 6.4 cm×3.1 cm×4.6 cm was discovered on computed tomography (CT) and magnetic resonance imaging (MRI). Laboratory data included an elevated level of urine normetanephrine of 45,400 μg/g creatinine (upper reference limit 718 μg/g) and elevated level of plasma normetanephrine of 62.4 nmol/l (upper reference limit <0.90 nmol/l). She was diagnosed with a thoracic paraganglioma and subsequently underwent surgical removal of the tumor and two lymph nodes. Histopathologic examination confirmed metastatic paraganglioma. Postoperatively, her blood pressure normalized and plasma normetanephrine levels remained normal. Our patient first presented with paraganglioma-associated signs and symptoms at the young age of 5 years. This case clearly illustrates the need for increased vigilance and screening for paragangliomas in families with SDHB at a younger age than previously thought.
Introduction
Paragangliomas are catecholamine-producing tumors that arise from chromaffin cells of the sympatho-adrenal system. Sympathetic paragangliomas may be located inside the adrenals (pheochromocytomas) or may have an extraadrenal location [1] . Although rare, these tumors may develop in children, especially in those with underlying genetic mutations [2, 3] .
In recent years several studies have been performed that describe genotype-phenotype correlations in patients with paragangliomas associated with mutations in the succinate dehydrogenase (SDH) gene family (SDH subunits B, C, D) [4] [5] [6] . Patients with disease associated with succinate dehydrogenase subunit B (SDHB) mutation appear to have an increased risk for developing multiple more aggressive and malignant tumors, and they should have careful periodic surveillance, even after successful surgical removal [6, 7] . Subsequently, family members should be offered genetic testing, and, if the findings are positive, regular screening with biochemical and imaging tests should be initiated.
Several studies have reported the development of SDHB-associated paragangliomas in childhood [2, 4] . However, the exact age at which the screening of children in these families should be commenced is still debated. It has been suggested that screening start 10 years before the earliest age of diagnosis in the family, which could be reflected by screening being started at 5-10 years of age [8, 9] . Owing to the frequently aggressive nature of the disease associated with SDHB mutations, we believe clinicians should be aware of the possible presence of pheochromocytomas or paragangliomas in very young children.
In this case report we describe an 8-year-old patient with an SDHB-associated malignant paraganglioma and provide clinicians with suggested age guidelines for screening.
Case Report
An 8-year-old white girl presented to an outside hospital in November 2007 with a prolonged history of intermittent sweating, headache, nausea, vomiting, fatigue and weight loss since the age of 5 years. In November 2007 she developed significant sweating spells and weight loss. Her grandparents, who had been her guardians since birth, were advised by her school teacher to take her to a physician. Admission to the hospital followed, and she was found to be hypertensive, with a systolic blood pressure (BP) of 140 mmHg (normal range for systolic BP in 8-year-old girls is 95-101 mmHg). Computed tomography (CT) and magnetic resonance imaging (MRI) revealed a large, posterior, mediastinal mass measuring 6.4 cm×3.1 cm× 4.6 cm that extended inferiorly through one neural foramen between T8 and T9 with spinal cord compression (Fig. 1 ). There were no apparent clinical sequelae to the spinal cord compression. Biochemical evaluation revealed elevated levels of urine normetanephrine of 45,400 μg/g creatinine (upper reference limit 718 μg/g creatinine) and elevated levels of plasma normetanephrine of 62.4 nmol/l (upper reference limit <0.90 nmol/l).
She was started on α-adrenergic blockade with phenoxybenzamine and underwent surgical resection of the tumor. At surgery, the mediastinal tumor and the intraspinal component were removed. Pathological review of the specimen confirmed diagnosis of the paraganglioma and identified metastatic spread in one of two adjacent lymph nodes. After surgery [ 18 F]-fluorodeoxyglucose positron emission tomography and [ 123 I]-meta-iodobenzylguanidine (MIBG) scintigraphy suggested either no evidence of a tumor or the presence of tumor that did not take up any of the two compounds.
The patient was referred to the National Institutes of Health (NIH) for further clinical and genetic evaluation of her metastatic paraganglioma. Her plasma catecholamine and metanephrine levels were within normal limits. Genetic testing revealed a mutation in the SDHB gene (G change to T at cDNA nucleotide 418 in exon 4) (c.418G.T), known to be associated with familial paragangliomas. After genetic testing had been performed on members of her family, it was found that her father and paternal grandfather had findings positive for the SDHB mutation as well but had not developed any pheochromocytoma or paraganglioma so far.
Discussion
We describe an 8-year-old patient with a malignant thoracic paraganglioma associated with a mutation in the SDHB gene. Since her symptoms had been present for more than 3 years prior to presentation, we believe that she is one of the youngest patients with paraganglioma reported to date. This case suggests that the screening of SDHB mutation carriers for paragangliomas and pheochromocytomas should commence at a younger age than previously suggested.
Signs and symptoms of pheochromocytoma or sympathetic paraganglioma may be highly variable, and most, but not all, are related to catecholamine excess. In children pheochromocytomas are more frequently familial, extraadrenal, bilateral and multifocal than in adults [10] [11] [12] [13] . In addition to the well-known symptoms and signs associated with catecholamine excess, such as hypertension, headache and palpitations, children more often present with excess sweating, nausea, vomiting, weight loss, polyuria, and visual disturbances than adults [11, 14] . Although our patient had presented with signs and symptoms of catecholamine excess at the age of 5 years, her diagnosis had been delayed for several years, because complaints were found to be nonspecific. Recently, Corcoran et al. reported an atypical presentation of a 6-year-old girl with catecholamine excess based on a pheochromocytoma associated with von Hippel-Lindau syndrome. In that report the need for routine measurement of blood pressure was exemplified [15] . The highly variable presentation of disease in children, in combination with a low prevalence, may lead to a missed diagnosis with considerable consequences.
In the literature several children with paragangliomas have been described who were carriers of the SDHB mutation. Ludwig et al. estimated that an SDHB mutation is present in 20% of the childhood pheochromocytoma cases [2] . Recently, Bockenhauer et al. reported on a young boy with an SDHB mutation-associated pheochromocytoma at the age of 7 years who presented with a 2-month history of typical complaints [16] . In our case report we describe a patient who, although already presenting with signs and symptoms at the age of 5 years, was finally diagnosed with metastatic paraganglioma after a delay of 3 years. Metastases might have been prevented, had the disease been suspected in an earlier phase. Unfortunately, SDHB mutations were not known to be present in the family, and she was only later found to carry an SDHB mutation, so initial suspicion was low.
In contrast to individuals with other sporadic or familial pheochromocytomas, SDHB mutation carriers may already have malignant disease at the time of initial diagnosis. In a cohort of patients that were SDHB mutation-positive, metastases were identified in 22% during their first surgery, with sites of distant metastases including lung, liver, bone and lymph nodes [4] . The elevated levels of norepinephrine and its metabolite normetanephrine that were found in our patient are consistent with the notion that extra-adrenal paragangliomas rarely secrete epinephrine [17] . Most SDHB-related paragangliomas have a noradrenergic (and rarely dopaminergic) biochemical phenotype. This probably reflects a reduced expression of phenylethanolamine-Nmethyltransferase, the enzyme that converts norepinephrine to epinephrine [6, 18] .
Although, in recent years, there has been the suggestion that screening in families with a known SDHB mutation should be started at a younger age, no consensus, regarding the age, has been reached so far. Experts working in this field have recommended starting such surveillance 10 years before the earliest age of diagnosis in the family, or, more specifically at 5-10 years of age for SDHB mutation carriers [8, 9] . In this case report we describe a young child with a malignant thoracic paraganglioma associated with SDHB , which further exemplifies the aggressive nature of the disease. Our patient most likely first presented with paraganglioma-associated signs and symptoms at the very young age of 5 years, if not earlier. In general, blood pressure should be routinely measured in children presenting with atypical complaints. This case clearly illustrates the importance of appropriate and early screening for catecholamine excess (by measurements of either plasma or urine metanephrines) in children who are known to carry an SDHB gene mutation. However, some children with SDHB mutation may have biochemically silent pheochromocytomas or paragangliomas [19] . In such situations we recommend that the first imaging screening test (CT or MRI) be performed when the child is around the age of 5 years. Based on this report and the data from the literature, we would recommend that children in families with SDHB be screened for the mutation at the age of 5 years or earlier, and, if the findings for such children are found to be positive, biochemical and imaging screening (preferably MRI) should be started as early as 5 years of age.
Follow-up biochemical screening should be performed every 1-2 years. If the results are positive, such screening should be followed by whole-body imaging, preferably by MRI. Although very rare, biochemically silent pheochromocytomas could be missed when only biochemical follow up is used; therefore, imaging studies would be recommended for those aged 5-10 years and, thereafter, every 2-3 years.
